We tested the hypothesis that the pressure exerted by the laryngeal mask airway (LMA) against the pharyngeal mucosa varied with neuromuscular block, mode of ventilation and the respiratory cycle. We studied 20 anaesthetized adult patients. Microchip sensors were attached to a size 5 LMA at locations approximately corresponding to the base of the tongue, hypopharynx, lateral pharynx, oropharynx, posterior pharynx and piriform fossa. Mucosal pressures were measured with an intracuff pressure of 60 cm H 2 O under four conditions during anaesthesia using 2.0 MAC of sevoflurane: (1) apnoeic, non-paralysed; (2) spontaneously breathing, non-paralysed; (3) ventilated, paralysed and (4) non-ventilated, paralysed. In conditions (2) and (3), mucosal pressures were measured at the end of inspiration and expiration. Mean mucosal pressure was less than 10 cm H 2 O at all locations. There were no significant changes in mucosal pressure at any location between the four conditions. There was no variation between inspiration and expiration. With an intracuff pressure of 60 cm H 2 O in these circumstances, mucosal pressures were much less than considered safe for prolonged tracheal intubation.
The pressure exerted by the laryngeal mask airway (LMA) against the pharyngeal mucosa has been measured in apnoeic, paralysed patients and shown to be generally less than the accepted safe limit for prolonged tracheal intubation. 1 Tracheal mucosal pressures exerted by a tracheal tube vary with the respiratory cycle and mode of ventilation. 2 During positive pressure ventilation, mucosal pressures are greater with inspiration and less with expiration, the opposite occurring during spontaneous ventilation. 2 These changes are related to transmitted changes in airway pressure and can vary by 15 cm H 2 O. 2 The LMA is subject to changes in airway pressure and is also surrounded by pharyngeal muscles that are active in spontaneously breathing patients. 3 In this study, we tested the hypothesis that the pressure exerted by the LMA against the pharyngeal mucosa varies with neuromuscular block, mode of ventilation and the respiratory cycle. We also measured mucosal pressures at the manufacturer's recommended intracuff pressure of 60 cm H 2 O.
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Methods and results
After obtaining approval from the Ethics Committee and informed consent, we studied 20 consecutive ASA I-II adult patients in whom the LMA was considered suitable. Mucosal pressures were measured using six 1. The sensor was orientated towards the mucosal surface and was accurate to Ϯ2%. 1 The position, orientation and accuracy of all sensors were checked in vitro before and after use.
Anaesthesia was induced with propofol 2.5 mg kg -1 and maintained with 2.0 MAC of sevoflurane and 100% oxygen. A size No. 5 LMA was used in all patients. One experienced LMA user (Ͼ1500 insertions) inserted/fixed the LMA according to the manufacturer's instructions. Intracuff pressure was set at 60 cm H 2 O using a digital cuff pressure monitor (Mallinckrodt Medical, Athlone, Ireland). Mucosal pressures were recorded by an unblinded observer during four measurement conditions in consecutive order: (1) apnoeic, non-paralysed; (2) spontaneously breathing, nonparalysed; (3) ventilated, paralysed (pressure-controlled ventilation; peak airway pressure 20 cm H 2 O; ventilatory frequency 10 bpm; inspiratory:expiratory ratio 1:2) and (4) non-ventilated, paralysed. During spontaneous breathing and positive pressure ventilation, mucosal pressures were measured at the end of inspiration and expiration. Rocuronium 0.6 mg kg -1 was given after recordings in conditions (1) and (2) were complete and measurements made when the train-of-four count was zero. When measurements were complete, the fibreoptic position of the LMA was determined using a scoring system. 4 Airway sealing pressure was measured by closing the expiratory valve of the circle system receiving a constant gas flow of 3 litre min -1 and noting the airway pressure at which the dial on the aneroid manometer reached equilibrium. 5 Statistical analysis was by paired t test (normally distributed data) and Friedman's two-way analysis of variance (non-normally distributed data). Significance was taken as PϽ0.05.
Mean age, height and weight were 45 (range 21-70) yr, 172 (152-183) cm and 71 (55-84) kg, respectively. The male:female ratio was 13:7. The position, orientation and accuracy of the sensors were identical before and after use. All LMA were inserted at the first attempt. Median fibreoptic score was 2.5 (range 1-4). Mean airway sealing pressure was 20 (95% confidence intervals 18-22) cm H 2 O. There were no significant differences in mucosal pressures at any location under the four conditions of anaesthesia (Table 1) . Mucosal pressures did not vary between inspiration and expiration. 
Comment
We found that the pressure exerted by the LMA against the pharyngeal mucosal did not vary with neuromuscular block, mode of ventilation or the respiratory cycle in anaesthetized adult patients. The lack of airway pressure-related cyclical changes in mucosal pressure may be caused by the thickness of the silicone cuff, the rigid, non-cuff components (such as the silicone bowl) shielding the cuff from the airway or the large cuff volume. In contrast, the cuff of a tracheal tube is thin, more directly exposed to the airway and has a relatively low volume cuff. Our data also suggest that pharyngeal muscle activity is low or inco-ordinate in anaesthetized spontaneously breathing patients with the LMA. We did not assess mucosal pressures at MAC values less than 2 and it is possible that pharyngeal muscle activity and mucosal pressures are greater at lighter planes of anaesthesia. It has been recommended that tracheal mucosal pressures should be less than 41 cm H 2 O (30 mm Hg) for safe prolonged intubation. 6 Our data showed that mean pharyngeal mucosal pressure, using an intracuff pressure of 60 cm H 2 O, was generally less than 10 cm H 2 O. It is unlikely that pharyngeal capillary blood flow is impeded at this value. A potential limitation of any technique that measures pressure between two surfaces is that the sensor may generate artificially high pressures around it by distorting the surface. Our measurement system had a thickness of 1.25 mm and the distortion effect was probably small. We used the same technique to measure tracheal mucosal pressures in intubated patients and found that the results were similar to those reported using other measurement techniques. 7 We assessed only mucosal pressures with an intracuff pressure of 60 cm H 2 O using the size 5 LMA. At higher intracuff pressures, or with different mask sizes, the surrounding pharyngeal muscle tone and geometry could be different and changes in pressure more or less easily detected. A further limitation was that mucosal pressure data were collected on a digital readout with a resolution of 1 mm Hg. Smaller changes in mucosal pressure would not have been detected.
We conclude that the pressure exerted by the LMA against the pharyngeal mucosa did not change significantly with neuromuscular block, mode of ventilation or the respiratory cycle in patients anaesthetized with 2.0 MAC of sevoflurane. At an intracuff pressure of 60 cm H 2 O, pharyngeal mucosal pressures were much less than tracheal mucosal pressures considered safe for prolonged tracheal intubation.
